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Abstract
Purpose To model the dynamic age-related rate of change in depressive symptomatology in later life and to test the hypoth-
esis that low perceived neighbourhood social cohesion is associated with steeper trajectories of depressive symptoms in 
older adults.
Methods We analysed data on 11,037 participants aged 50+ from the English Longitudinal Study of Ageing. Perceived 
social cohesion (PSC) of participants’ neighbourhoods was assessed at baseline (2002/2003). Depressive symptoms were 
measured using CES-D scores (ranging from 0 to 8) on 7 occasions from baseline to 2014/2015. Trajectories of depressive 
symptoms by baseline PSC were estimated using latent growth modelling.
Results At baseline, adults with low PSC had more depressive symptoms than age counterparts with high PSC. Consistent 
with the U-shaped trajectory of depressive symptoms by age, the association between PSC tertile and changes in depressive 
symptoms over follow-up was modified by age. Fifty-year-old participants with low PSC reported an average decrease in 
CES-D score from 0.66 to 0.54 during the 12-year follow up, compared to a change from 0.47 to 0.34 for age counterparts 
with high PSC. By contrast, in persons aged 85 at baseline, the mean CES-D score increased from 1.09 to 1.30 for participants 
with high PSC, while the rise was greater (from 1.49 to 2.03) among those with low PSC. The main effects and interaction 
of PSC with age were robust to adjustment for socio-economic and health characteristics.
Conclusions Depressive symptom trajectories by PSC appear to widen as adults reach old age.
Keywords CES-D · Depression · Latent growth modelling · Neighbourhood · Social cohesion · Trajectories
Introduction
Depression is an increasingly important disorder with sig-
nificant social and public health consequences [1, 2]. It has 
been estimated that in England depression affects 20% of 
adults aged 65–69 years and this proportion is doubled in 
adults aged 85 and over [3]. This burden of depression at 
older ages is growing rapidly, as older persons make up the 
fastest growing age group of the total population [4]. Among 
older persons, say over 60–65 years old, the prevalence of 
depression increases with age [5]. But over the wider life 
course, depression follows a U-shaped trajectory from mid-
dle to older ages; as the prevalence declines during early 
middle ages, plateaus at middle age and increases again at 
older ages [6, 7].
The aetiology of depression in later life includes multiple 
risk factors that influence older adults’ ability to confront 
changing life circumstances, stressful events and declining 
states of physical health [1, 8]. Among these factors, neigh-
bourhood social cohesion, measured at both the individual- 
and community-level [9, 10], has been linked with the risk of 
depression in older adults [11–18]. Social cohesion has been 
defined as a component of cognitive/perceptual social capi-
tal that consists of altruism, reciprocity, values and norms 
that are shared among neighbours [10, 12]. Neighbourhood 
social cohesion may function as a buffer on individual-level 
stressors [13], and increase residents’ access to community-
level resources that lessen the risk of depressive disorders 
[19]. Among older adults, the neighbourhood context is 
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conceivably more important, due to age-based limitations 
and community-level structural barriers that reduce their 
capacity to manage environmental stressors [17, 18]. As 
adults become increasingly vulnerable to their neighbour-
hood context in later life and thus require more care, social 
participation and support become irrevocably dwindled as 
a result of death of family and friends and reduced social 
networks [18]. Other life course transitions, such as retire-
ment, are also linked to profound changes in social, travel 
and role activities [20]; which may increase the time spent 
within the local area and reduce the opportunity for social 
interaction outside one’s neighbourhood [19, 21].
Although neighbourhood social cohesion may be protec-
tive against depression during the later years, most research 
on older adults is cross-sectional, and therefore, cannot 
assess how this association varies amidst cohort ageing [12, 
13, 17, 18]. Noteworthy longitudinal studies have confirmed 
a prospective relationship, but the limited follow-up period 
(1–3 years) preclude the assessment of trajectories of age-
ing [11, 16]. Very few studies have assessed the interplay 
between the effects of ageing and neighbourhood social 
cohesion on the rate of change in depressive symptoms dur-
ing this particular stage of life, with inconsistent results [14, 
15]. Therefore, it is unclear whether the protective effect of 
neighbourhood social cohesion on depressive symptomatol-
ogy varies systematically with age.
The present study investigated whether depressive symp-
tom trajectories differ by perceived neighbourhood social 
cohesion among middle-aged and older English adults over 
a 12-year period, and assesses whether the longitudinal asso-
ciation differs by age. As part of these analyses, we also 
examined whether the (hypothesised) longitudinal asso-
ciation is confounded or modified by socio-economic and 
physical health characteristics.
Methods
Study population
The English Longitudinal Study of Ageing (ELSA) is a pop-
ulation-based prospective cohort study designed to monitor 
the long-term health of older adults (aged 50+ years) living 
in private households throughout England. Baseline assess-
ment of the original core sample (n = 11,391) took place in 
2002/2003 and yielded an individual 67% response rate [22]. 
Follow-up assessments at two-yearly intervals have been 
conducted up to 2014/2015, whereby 43.0% (n = 4894) of 
the original core sample participated at wave 7 [23]. The 
present study uses data collected from the core sample at 
waves 1–7, which provided prospective data on depressive 
symptoms ascertained over a 12-year period.
Measures
Depressive symptomatology was assessed using the eight-
item version of the Center for Epidemiological Depres-
sion (CES-D) scale at each wave. The CES-D scale is a 
well-validated screening instrument that identifies those 
at risk of depressive disorders in the general population, 
including older adults [24, 25]. The 8-item version was 
demonstrated to measure depressive symptomatology with 
a precision comparable to the original 20-item scale [26]. 
The CES-D 8 asks whether: three symptoms on depressed 
affect (‘I felt depressed,’ ‘I felt lonely,’ ‘I felt sad’); three 
symptoms on somatic and retarded activity (‘I felt that 
everything I did was an effort,’ ‘My sleep was restless,’ 
‘I could not get “going”’); and two symptoms on posi-
tive affect (‘I was happy,’ ‘I enjoyed life’); were experi-
enced for ‘much of the time during the past week’ [27, 
28]. Participants provided yes/no responses to each ques-
tion. Affirmative and negative responses to the first six 
and last two questions, respectively, were coded as 1. Item 
responses were summed to generate a count score ranging 
from 0 to 8 for participants who answered at least six of 
the eight questions at each wave, as scoring guidelines 
require complete data on at least 75% of the CES-D scale 
[27].
Perceived neighbourhood social cohesion (PSC) was 
measured by the grid question, ‘How do you feel about 
your local area, that is everywhere within a 20 min walk 
or about a mile from your home?’, at wave 1. Four items 
from the grid question were selected a priori as indicators 
of PSC: (1) ‘I really feel a part of this area’/‘I feel that I 
don’t belong in this area;’ (2) ‘Most people in this area 
can be trusted’/‘Most people in this area can’t be trusted;’ 
(3) ‘Most people in this area are friendly’/‘Most people in 
this area are unfriendly;’ and (4) ‘People in this area will 
take advantage of you’/‘People in this area will always 
treat you fairly.’ Participants answered on a bipolar Lik-
ert scale ranging from 1 to 7, denoting how closely they 
agreed to the opposing statements. Internal consistency of 
these items was deemed acceptable by Cronbach’s alpha 
(α = 0.73). Convergent validity of the construct was estab-
lished by confirmatory factor analysis (β ≥ 0.55 for each 
item). The first three items were reverse coded for compa-
rability; and item responses were summed to derive a score 
ranging from 4 to 28, which was rescaled from 0 to 24 for 
ease of interpretation. Higher scores indicate greater levels 
of PSC. As the distribution of PSC scores was negatively 
skewed, data were combined into high, medium and low 
tertiles.
Baseline covariates included continuous age, gender, 
white/non-white group and self-reported ever doctor 
diagnosis of depression—to account for prior depressive 
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episodes; as well as socio-economic (educational quali-
fication, economic activity, total non-pension wealth 
quintiles) and physical health (self-rated health and self-
reported limiting long-term illness) indicators.
Analytic sample
Of the 11,391 participants from the original core sample, 
96.9% (n = 11,037) answered at least six of the eight CES-D 
items at wave 1. Counts of depressive symptoms were not 
derived for the remainder of the core sample because 2.1% 
(n = 241) did not complete this segment of the personal inter-
view, and 0.6% (n = 67) responded to fewer than six of the 
CES-D items. A longitudinal dataset was obtained for these 
11,037 participants, and included all repeat assessments for 
which 6+ CES-D items had been answered. Thirty-five per-
cent (n = 3839) of the analytic sample had sufficient item 
response at all seven waves; and 51.7% (n = 5706) of par-
ticipants had these data for at least five of the seven waves. 
The analytic sample had approximately 4.4 assessments of 
CES-D 8 data per participant (of a possible total of seven).
Statistical analyses
Missing data were addressed by multiple imputation by 
chained equations which generated 20 imputed datasets. 
The imputation addressed item non-response to the CES-D 
among participants with 1 or 2 missing item responses 
across waves, to calculate count scores for the longitudi-
nal analytic sample with sufficient data. Missing items were 
imputed using all available CES-D data collected at that 
particular wave, and all previous waves (if applicable) to 
improve the prospective reliability of imputed values. The 
CES-D data were included in the imputation model, but not 
imputed for participants who were missing 3+ CES-D items 
at any wave. The imputation also addressed missing data on 
PSC (11.8%, n = 1305) and covariates. As work status, self-
rated health, and limiting long-term illness have been shown 
to predict longitudinal attrition in ELSA [29], their inclusion 
in the imputation and analysis model, respectively, aided to 
meet the assumption that data were missing at random.
Trajectories of change in the number of depressive symp-
toms over the study period were assessed using latent growth 
modelling [30]. Latent growth modelling is advantageous 
for the present analytic sample, as it incorporates partici-
pants with varying number of repeat assessments [31] under 
the assumption that data are missing at random using full 
information maximum likelihood estimation [32]. Individual 
growth processes are extracted from the repeat assessments 
of depressive symptoms across waves 1–7, and are conceptu-
alised as continuous intercept and slope latent variables that 
denote baseline status (wave 1) and the rate of change (waves 
2–7). The factor loadings of the intercept latent variable to 
all assessments were fixed to 1. The linear slope latent vari-
able was specified with factor loadings to each assessment 
using years of follow-up divided by 12 as the time scale: 
0 (wave 1), 0.17, 0.33, 0.50, 0.67, 0.83, and 1 (wave 7). 
Hence, the slope denotes the estimated total rate of change 
over the 12-year study period. Preliminary analyses (not 
described here) confirmed that a linear slope best fitted the 
longitudinal changes of the number of depressive symptoms 
in the analytic sample. The two latent factor model was fit-
ted with a quadratic and cubic polynomial slope latent vari-
able to assess non-linear rates of change, but the additional 
slope variables were not statistically significant. The latent 
growth models of the count data were estimated using nega-
tive binomial regression.
Initially, the intercept and linear slope were regressed on 
PSC and other baseline characteristics of age (centred at 
65 years), gender, white/non-white group and self-reported 
ever doctor-diagnosis of depression. The initial model 
was tested for cohort and interaction effects, respectively. 
Baseline age squared was added to identify a cohort effect, 
independent of the age effect captured by the baseline age 
variable. As age squared was statistically significant on the 
intercept (p < 0.001) only, and not on the slope (p = 0.508); 
it was deemed that the significant age effect on the rate of 
change (p < 0.001) was not influenced by a cohort effect. 
Interaction terms between baseline age and PSC were statis-
tically significant on both the baseline number of depressive 
symptoms and the rate of change, and therefore, retained in 
the model to account for widening age differences in depres-
sive symptoms by PSC. Subsequently, the intercept and 
slope were further regressed on socio-economic and physical 
health characteristics at baseline. Initial and fully-adjusted 
model estimates were used to calculate and display depres-
sive symptom trajectories by high and low PSC tertiles for 
5-year age categories (ranging from 50 to 85) at baseline, 
hereafter referred to as 5-year cohorts.
Sensitivity analyses
We addressed whether: (1) probable depressed cases could 
bias associations between self-reported PSC and self-
reported depressive symptoms; and (2) PSC was associated 
not only with the number of depressive symptoms and rate of 
change over follow-up, but also with the onset of clinically 
relevant depressive symptomatology. Both analyses were 
restricted to participants with 0–2 depressive symptoms 
(below the risk threshold for the CES-D 8) [26] at baseline 
(n = 8269). First, we repeated the latent growth model with 
Poisson regression, as the baseline count data were no longer 
over-dispersed after removing counts from 3 to 8. Second, 
we fitted discrete time proportional hazards models to assess 
the incidence of probable depression (3 ≥ symptoms) by PSC 
tertiles over the 12-year period. Discrete time modelling 
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considers that participants may report 3 ≥ symptoms more 
than once across waves; and that events were recorded at 
each wave, and not on a continuous time scale. The length 
of follow-up was the duration (months) from the baseline 
interview date to either: the date of the follow-up interview 
during which the participant first reported 3 ≥ symptoms; 
or during which censoring took place due to non-response. 
A Kaplan–Meier failure plot described the crude associa-
tion between PSC and incident probable depression. Two 
discrete time proportional hazards models were estimated, 
which mirrored the nested modelling approach of the main 
analyses.
Other methodological details
All analyses incorporated the non-response weight variable 
at wave 1 to ensure the analytic sample is representative of 
community dwelling adults aged 50+ at baseline; and were 
averaged over the multiply imputed datasets. Data impu-
tation, descriptive and discrete time proportional hazard 
modelling were carried out using Stata V.13. Latent growth 
modelling was performed using Mplus V.7.
Results
Analytic sample characteristics
Table 1 reports the study characteristics of the longitudi-
nal analytic sample. From 2002/2003 to 2014/2015, the 
mean number of depressive symptoms varied from 1.3 to 
1.6. PSC scores of the high, medium and low population 
tertiles ranged from 22 to 24, 18–21 and 0–17, respectively. 
There was a slightly larger share of participants in the high 
PSC tertile (35%). Participants had a mean baseline age of 
65 years, were 54% female and 5% had reported having been 
diagnosed with depression by a doctor.
Initial growth model of depressive symptoms 
by perceived social cohesion
Table 2 shows the negative binomial growth model of the 
number of depressive symptoms regressed on gender; as 
well as baseline age, PSC and their interaction. The aver-
age intercept and slope values, respectively, represent the 
expected log count of the number of depressive symptoms 
at baseline, and the rate of change in the expected log count 
over time—when the combined set of predictors included in 
each model are all equal to 0.
The intercept value of − 0.409 (SE = 0.031) in the initial 
model refers to the expected log count of the number of 
depressive symptoms among men in the high PSC tertile 
who were aged 65 at baseline. Female counterparts with 
high PSC at age 65, however, had a higher expected log 
count of symptoms by 0.388 (SE = 0.022) in comparison 
to men. These differences were statistically significant, 
reflecting strong gender differences at baseline. The log 
count of the number of depressive symptoms increased by 
0.023 (SE = 0.002) for each 1 year increase in baseline age 
from age 65 among men in the reference group (high PSC 
Table 1  Study characteristics of the longitudinal analytic sample
a The estimates are averaged over the multiply imputed data sets, and 
corrected for the study’s non-response at wave 1. The longitudinal 
analytic sample (n = 11,037) includes participants with varying obser-
vations of valid data on depressive symptoms across waves
Study  dataa
Longitudinal measures Mean n
Number of depressive symptoms during the past week (0–8)
 Wave 1 (2002/2003) 1.6 11,037
 Wave 2 (2004/2005) 1.6 8519
 Wave 3 (2006/2007) 1.5 7248
 Wave 4 (2008/2009) 1.4 6300
 Wave 5 (2010/2011) 1.5 5843
 Wave 6 (2012/2013) 1.3 5291
 Wave 7 (2014/2015) 1.4 4571
Baseline measures Mean or % n
Perceived social cohesion score (0–24)
 High (22–24) 35.3 3896
 Medium (18–21) 32.5 3587
 Low (0–17) 32.2 3554
Baseline age 65.2 11,037
Female 53.7 5927
Non-white 2.7 298
Self-reported ever doctor-diagnosis of depres-
sion
5.4 596
No educational qualification 43.1 4757
Economic activity
 Employed 33.1 3653
 Retired 49.9 5507
 Economically inactive 7.4 817
 Permanently sick/disabled 9.6 1060
Total non-pension wealth
 1 (wealthiest) 19.7 2174
 2 19.8 2185
 3 20.1 2218
 4 20.2 2230
 5 20.2 2230
Self-rated health
 Very good 20.0 2207
 Good 33.9 3742
 Fair 27.6 3046
 Poor 18.5 2042
Self-reported limiting long-term illness 34.3 3786
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tertile). The differences in expected log counts of symptoms 
at baseline were higher by 0.056 (SE = 0.033) and 0.347 
(SE = 0.033) among men in the medium and low PSC ter-
tiles, respectively, than men with high PSC at age 65. There 
was a statistically significant interaction term between 
baseline age and the low PSC tertile, as the differences in 
expected log counts at baseline between the high and low 
PSC categories became marginally smaller with increasing 
age.
Overall, the expected log count of symptoms decreased 
by 0.091 (SE = 0.048) over the 12-year follow-up, among 
men in the high PSC tertile who were aged 65 at baseline. 
In comparison, the total decline in the expected log count of 
symptoms for women with high PSC at age 65 was slower by 
0.017 (SE = 0.034), but this difference was not statistically 
significant (p = 0.638) over the study period. Combined with 
the gender difference observed on the intercept, the results 
indicate that females present a higher number of depressive 
symptoms at baseline, but the rate of change in symptoms 
over the 12-year study period is the same as for men. As 
shown in Fig. 1 however, the rate of change (i.e. slope) was 
modified by age; at younger ages, the trajectories in depres-
sive symptoms were negative (declining), while at older 
ages the trajectories became positive (increasing). This is 
reflected by the significant effect of age in Table 2, show-
ing that the total rate of change in the expected log count 
was 0.015 (SE = 0.004) higher for every 1-year increase in 
age from age 65 among men in the high PSC tertile. The 
estimated rate of change in expected log counts for men in 
the medium and low PSC tertiles (at age 65) were greater 
by 0.069 (SE = 0.048) and 0.102 (SE = 0.046), respectively, 
than men aged 65 with high PSC. Here, the interaction 
between both PSC tertiles and age were significant on the 
slope, as the medium and low PSC tertiles exhibited steeper 
increases in expected log counts of symptoms than the refer-
ence category by 0.011 (SE = 0.005) and 0.014 (SE = 0.005), 
respectively, for each 1-year increase in baseline age from 
the age of 65.
Figure 1 shows the predicted number of depressive 
symptoms by high and low PSC tertiles that were calcu-
lated and displayed for 5-year cohorts using the initial 
model estimates. For clarity, trajectories were not plotted 
Table 2  Negative binomial 
growth model of the number 
of depressive symptoms 
(2002/2003–2014/2015)
a Adjusted for the covariates shown in the table, plus white/non-white group and self-reported ever doctor-
diagnosis of depression
b Adjusted for the covariates shown in the table, plus white/non-white group, self-reported ever doctor-diag-
nosis of depression, educational qualification, work status, total non-pension wealth, self-rated health, and 
self-reported limiting long-term illness
c Centred at 65 years
d As the time scale (years) was divided by 12, the average slope and effect of covariates on the slope 
describe the total rate of change over the 12-year study period 
Growth parameters Initial  modela Fully adjusted  modelb
b SE p b SE p
Intercept − 0.409 0.031 < 0.001 − 0.735 0.043 < 0.001
Intercept regressed on
 Female 0.388 0.022 < 0.001 0.351 0.021 < 0.001
 Baseline age (years)c 0.023 0.002 < 0.001 0.010 0.002 < 0.001
 Medium PSC 0.056 0.033 0.092 0.051 0.030 0.088
 Low PSC 0.347 0.033 < 0.001 0.235 0.029 < 0.001
 Baseline age × medium PSC − 0.004 0.003 0.193 − 0.005 0.003 0.097
 Baseline age × low PSC − 0.011 0.003 < 0.001 − 0.011 0.003 < 0.001
Sloped − 0.091 0.048 0.060 − 0.068 0.070 0.335
Slope regressed on
 Female 0.017 0.034 0.621 − 0.007 0.034 0.835
 Baseline age (years) 0.015 0.004 < 0.001 0.017 0.004 < 0.001
 Medium PSC 0.069 0.048 0.154 0.077 0.047 0.103
 Low PSC 0.102 0.046 0.027 0.119 0.045 0.009
 Baseline age × medium PSC 0.011 0.005 0.039 0.010 0.005 0.041
 Baseline age × low PSC 0.014 0.005 0.003 0.013 0.005 0.007
Intercept variance 0.937 0.023 < 0.001 0.666 0.019 < 0.001
Slope variance 0.557 0.039 < 0.001 0.558 0.039 < 0.001
Intercept–slope covariance − 0.147 0.026 < 0.001 − 0.127 0.023 < 0.001
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for the medium PSC tertile as the main effects for this 
group were not statistically significant at neither the base-
line value nor the total rate of change. At younger ages 
(until about 60 years) depressive symptoms declined in 
both high and low PSC tertiles, around the age of 65 the 
rates of change were generally stable in both groups, and 
starting from the age of 70 the trajectories increased in 
both groups and began to increasingly diverge by PSC for 
each successive 5-year cohort.
Fully adjusted growth model of depressive 
symptoms by perceived social cohesion
Further adjustment for socio-economic characteristics 
and physical health did not change the general pattern of 
results, as the interaction term effects between age and PSC 
remained strong. While the adjustment partially attenuated 
the cross-sectional associations at baseline (i.e. intercept), 
the 12-year trajectories by age and PSC were not materially 
changed. This is evident in the depressive symptom trajec-
tories by high and low PSC tertiles that were predicted using 
the fully adjusted model estimates (Fig. 2). In comparison 
to the initial model, the predicted number of depressive 
symptoms decreased for all age cohorts at baseline, and the 
widening trajectories by high and low PSC were partially 
attenuated. The life course differences in elevated depres-
sive symptoms by PSC remained, as participants with low 
PSC in the baseline cohort of age 70 experienced a similar 
increase in symptoms as those with high PSC in the baseline 
cohort of age 85.
Sensitivity analyses
There was no evidence that differences in the number of 
depressive symptoms at baseline nor the subsequent rates 
of change between participants with high vs. low PSC 
were driven by probable depressed cases at baseline who 
may have reported lower PSC levels in their local area. 
The main and interaction effects of age and PSC tertiles 
proved robust after removing probable cases from the sam-
ple in the initial and fully adjusted models (Table S2 and 
Figures S3–S4, supplementary material).
The Kaplan–Meier failure plot illustrated an increased 
cumulative probability of incident probable depression 
from high to low PSC tertiles over the 12-year follow-
up, which was confirmed by the log-rank test for trend 
(p ≤ 0.001) (Figure S5, supplementary material). An 
inverse association between lower tertiles of PSC and 
higher risk of incident probable depression was observed 
in the initially adjusted model, but the increased rate in 
the medium PSC tertile was not statistically significant 
(HR = 1.090, p = 0.142). Participants with low PSC, how-
ever, were 44% (HR = 1.437, p ≤ 0.001) significantly more 
likely to have incident probable depression over 12 years 
than high PSC counterparts. The increased HR for the low 
PSC tertile was partially attenuated, but remained strong 
Fig. 1  Predicted 12-year ageing 
vectors of depressive symptoms 
by high and low perceived 
social cohesion from the initial 
growth model (2002/2003–
2014/2015)
Note: Estimates are adjusted for 
gender, white/non-white group 
and self-reported ever doctor-
diagnosis of depression
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at 1.36 (p ≤ 0.001) in the fully-adjusted model (Table S6, 
supplementary material).
Discussion
This study extends the empirical evidence on the rela-
tionship between perceived neighbourhood social cohe-
sion and depressive symptoms among middle-aged and 
older adults. We found substantial differences in the num-
ber of depressive symptoms at baseline and in the rate of 
change over the 12-year follow-up by PSC. There were 
significant interaction effects between baseline age and 
PSC on depressive symptoms in both cross-sectional and 
prospective analyses. For example, the age-related rise in 
depressive symptoms among participants with low PSC 
took place about 15 years earlier in the life course than 
age-counterparts with high PSC. Moreover, depressive 
symptom trajectories between participants with low vs. 
high PSC were different at middle and older ages.
Limitations and strengths of the study
Several limitations need to be considered. First, the self-
reported nature of both the exposure and outcome may lead 
to a spurious association. A prevailing psychological model 
of depression is that of cognitive distortions, which postu-
lates, for example, that depressed cases are prone to more 
negatively evaluate inter-personal relationships and life 
events as compared to less acute cases and non-depressed 
persons [1]. While it is plausible that adults with depression 
may infer low levels of PSC and thus lead to reverse causa-
tion, results from the sensitivity analyses do not indicate that 
our findings are explained by this phenomenon.
Second, as with most epidemiological studies, we relied 
on self-reported depressive symptoms as we were unable to 
assess clinically diagnosed depression. While the CES-D 
scale is a widely validated and commonly used screening 
scale to monitor depression in the population; it is likely 
that depressive symptoms, especially for low-scoring partici-
pants, reflect less severe affect states or transient symptoms. 
Although we could not test whether PSC was associated with 
clinical cases of depression; we did, however, assess whether 
associations were found with the onset of clinically-relevant 
depressive symptoms. These additional analyses confirmed 
that PSC was not only significantly associated with ageing 
trajectories of depressive symptoms, but also with the inci-
dence of clinically relevant symptomatology over the study 
period. In other words, the life course differences in the age-
related rise in depressive symptoms between adults with low 
vs. high PSC mirrored clinically significant differences in 
the risk of probable depression.
Third, similar to most longitudinal studies, there was 
substantial attrition of the cohort over follow-up, raising 
questions about the representativeness of the study sample 
for the general population. The mean number of depres-
sive symptoms over the 12-year follow-up was well below 
three symptoms [26], an established cut-off for the abridged 
Fig. 2  Predicted 12-year 
ageing vectors of depressive 
symptoms by high and low 
perceived social cohesion from 
the fully-adjusted growth model 
(2002/2003–2014/2015)
Note: Estimates are adjusted for 
gender, white/non-white group, 
self-reported ever doctor-diag-
nosis of depression, educational 
qualification, work status, total 
non-pension wealth, self-rated 
health, and self-reported limit-
ing long-term illness
1088 Social Psychiatry and Psychiatric Epidemiology (2018) 53:1081–1090
1 3
CES-D 8 for possible depression, for all age cohorts. This 
accords with previous research of long-term trajectories 
(5 years or more) that found that most participants consist-
ently reported few to no depressive symptoms over follow-
up [33]. Similarly, the population distribution of PSC scores 
was negatively skewed, with fewer participants reporting 
negatively on their local area at baseline. It is likely that our 
sample had fewer depressive symptoms and lived in neigh-
bourhoods with higher PSC than the general English popula-
tion. Bias due to non-response, attrition and death at older 
ages were dealt with by employing population weighting for 
participant non-response and multiple imputation for item 
non-response, simultaneously with full information maxi-
mum likelihood for attrition and death. Nevertheless, the 
low prevalence of depressive symptoms and high levels of 
PSC may lead to an underestimation of the true difference 
in depressive symptom trajectories by PSC.
On the other hand, our study also has considerable 
strengths. The original sampling frame of the ELSA study 
was population-based, and participant data were collected 
using a robust study protocol and subject to rigorous quality 
control. ELSA is widely considered as a high-quality ageing 
study with as complete follow-up as feasibly possible, and 
the analytic sample size provided large statistical power over 
a 12-year period. We used a combination of techniques to 
deal with the cohort non-response and attrition.
Interpretation of results
Most of the existing evidence between neighbourhood social 
cohesion and depressive symptoms in later life is based on 
cross-sectional studies [12, 13, 17, 18]. The cross-sectional 
association at baseline reported in our findings are consist-
ent with this overall pattern from this literature. By contrast, 
relatively few studies investigated whether cognitive/percep-
tual social capital influences the rate of change in depres-
sive symptomatology in later life, with inconsistent results 
[14, 15]. In a study of older US adults, individual-level and 
neighbourhood-level markers of perceived social cohesion 
were both linked with fewer depressive symptoms at base-
line, but effects on the growth rate in symptoms were not 
statistically significant for either measure over the 10-year 
follow-up [14]. Among older Korean women, however, per-
ceived trust and reciprocity among neighbours were inde-
pendently linked with fewer depressive symptoms at base-
line and a faster rate of decline over 7 years [15].
PSC is a social process among individuals nested within 
neighbourhoods. Therefore, it is important to tease apart the 
individual and neighbourhood dimensions of the measure to 
rigorously assess its role on depressive symptoms. A multi-
level latent growth model recommended by the literature 
[9] was unfortunately not possible in this study, due to the 
lack of access to data on area-level characteristics of study 
participants. As we were unable to derive a neighbourhood-
level marker of PSC using area-level data in addition to the 
individual-level measure employed in the present paper, 
potential information bias remains an issue and this may 
partly explain the differences between our findings and pre-
vious studies.
Several pathways have been proposed by which neigh-
bourhood social processes may influence depression, includ-
ing the level of neighbourhood-based stress placed on resi-
dents, the creation of strong and protective social networks; 
personal resiliency to stress and negative affect; and per-
sonal level of agency and control in their area of residence 
[8]. The literature on older adults suggest the association 
of depression with social cohesion is partly mediated by a 
personal sense of control and friendship quality [16] as well 
as frequency of going outside one’s home [11]. As each of 
these factors are often curtailed amidst the ageing process, 
it is plausible that the effects of low PSC on depression 
are greater as adults reach old age. Our report of widening 
depressive symptom trajectories by PSC with age may be 
accurate for several reasons. First, declines in physical and 
cognitive health decreases older adults’ capacity to handle 
environmental stressors. Second, residents may feel more 
defenceless in neighbourhoods with certain adverse qualities 
as they age. Third, loss of loved ones and children moving 
out of the local area reduce social support and may obligate 
the elderly to rely on community resources instead of indi-
vidual resources. Lastly, decreased mobility disposes older 
adults to be more confined to their residential area [17–21].
A life course perspective on depression suggests that 
it is not merely a clinical disorder, but an affect state that 
spans from transient mood variations or situational depres-
sive reaction to difficult life events, to more serious and 
persistent disabling disorders [34]. There is a long-standing 
and nuanced debate on the case definition of the disor-
der for older adults, as proposed sub-types include: major 
depression; minor, subsyndromal or subthreshold depres-
sion; depression without sadness; vascular depression and 
depression of Alzheimer’s disease; among others [1]. As the 
CES-D scale measures the presence of clinically relevant 
symptoms that characterise a wide range of depressive states 
[24, 27], the present paper analysed total CES-D 8 scores to 
track subtle changes in depressive symptom severity through 
mid and later life, and to provide a picture of depression risk 
below the clinical iceberg.
As many life changes experienced from middle to older 
ages may influence this continuum of risk of depression, it 
is important to better understand the mechanisms behind 
widening depressive symptom trajectories by PSC as people 
age. Future research is needed on how best to reduce the 
unequal onset of risk by psycho-social processes that may 
be ameliorated by individual- and community-level social 
policies. Our findings suggest that mental health policy 
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interventions should target adults early in the ageing pro-
cess, and prior to the period where PSC inequalities become 
exacerbated.
Acknowledgements This study is supported by a European Commis-
sion Horizon 2020 Grant, 530416, as part of the Promoting Mental 
Wellbeing in the Ageing Population: Determinants, Policies and Inter-
ventions in European Cities (MINDMAP) research project. We would 
like to thank the UK Data Service for making the ELSA study data 
freely available to researchers. We would also like to thank Severine 
Sabia for helpful comments on the statistical methodology employed 
for the present study.
Compliance with ethical standards 
Ethical standards Participants of the ELSA study provided written 
informed consent, and ethical approval was provided by the London 
Multi-Centre Research Ethics Committee.
Conflict of interest MR, SS and MB declare that there are no conflicts 
of interest.
Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.
References
 1. Blazer DG (2003) Depression in late life: review and commentary. 
J Gerontol Ser A Biol Sci Med Sci 58(3):249–265
 2. Lépine J-P, Briley M (2011) The increasing burden of depression. 
Neuropsychiatr Dis Treat 7(Suppl 1):3–7. https ://doi.org/10.2147/
NDT.S1961 7
 3. Becker E, Chaudhury M, Cheshire H, Constantine R, Deverill C, 
Falaschetti E, Fuller E, Gatenby R, Hirani V, Jotangia D, Nata-
rajan L, Scholes S, Tull K, Wardle H (2007) Mental health and 
wellbeing: the health of older people. Health Survey for England 
2005, vol 4. NatCen Social Research, London
 4. Office for National Statistics (2016) Compendium: how the popu-
lation of England is projected to age
 5. Luppa M, Sikorski C, Luck T, Ehreke L, Konnopka A, Wiese B, 
Weyerer S, Konig HH, Riedel-Heller SG (2012) Age- and gender-
specific prevalence of depression in latest-life—systematic review 
and meta-analysis. J Affect Disord 136(3):212–221. https ://doi.
org/10.1016/j.jad.2010.11.033
 6. Sutin AR, Terracciano A, Milaneschi Y, An Y, Ferrucci L, Zon-
derman AB (2013) The trajectory of depressive symptoms across 
the adult lifespan. JAMA Psychiatry (Chicago Ill) 70(8):803–811. 
https ://doi.org/10.1001/jamap sychi atry.2013.193
 7. Mirowsky J, Kim J (2007) Graphing age trajectories: vector 
graphs, synthetic and virtual cohort projections, and virtual cohort 
projections, and cross-sectional profiles of depression. Sociol 
Methods Res 35(4):497–541. https ://doi.org/10.1177/00491 24106 
29601 5
 8. Blair A, Ross NA, Gariepy G, Schmitz N (2014) How do neigh-
borhoods affect depression outcomes? A realist review and a 
call for the examination of causal pathways. Soc Psychiatry 
Psychiatr Epidemiol 49(6):873–887. https ://doi.org/10.1007/
s0012 7-013-0810-z
 9. Dunn EC, Masyn KE, Johnston WR, Subramanian S (2015) Mod-
eling contextual effects using individual-level data and without 
aggregation: an illustration of multilevel factor analysis (MLFA) 
with collective efficacy. Popul Health Metr 13(1):12. https ://doi.
org/10.1186/s1296 3-015-0045-1
 10. Sampson RJ, Raudenbush SW, Earls F (1997) Neighborhoods and 
violent crime: a multilevel study of collective efficacy. Science 
277:918–924
 11. Choi NG, Kim J, DiNitto DM, Marti CN (2015) Perceived social 
cohesion, frequency of going out, and depressive symptoms in 
older adults: examination of longitudinal relationships. Gerontol 
Geriatr Med 1:2333721415615478. https ://doi.org/10.1177/23337 
21415 61547 8
 12. De Silva MJ, McKenzie K, Harpham T, Huttly SRA (2005) Social 
capital and mental illness: a systematic review. J Epidemiol Com-
munity Health 59:619–627
 13. Mair C, Diez Roux AV, Galea S (2008) Are neighbourhood char-
acteristics associated with depressive symptoms? A review of 
evidence. J Epidemiol Community Health 62(11):940–946. https 
://doi.org/10.1136/jech.2007.06660 5 (948 p following 946)
 14. Moore KA, Hirsch JA, August C, Mair C, Sanchez BN, Roux 
AVD (2016) Neighborhood social resources and depressive symp-
toms: longitudinal results from the multi-ethnic study of athero-
sclerosis. J Urban Health 93(3):572–588. https ://doi.org/10.1007/
s1152 4-016-0042-0
 15. Park M-J (2017) Impact of social capital on depression trajectories 
of older women in Korea. Aging Mental Health 21(4):354–361. 
https ://doi.org/10.1080/13607 863.2015.10885 11
 16. Stafford M, McMunn A, De Vogli R (2011) Neighbourhood social 
environment and depressive symptoms in mid-life and beyond. 
Ageing Soc 31(6):893–910. https ://doi.org/10.1017/S0144 686X1 
00012 36
 17. Julien D, Richard L, Gauvin L, Kestens Y (2012) Neighborhood 
characteristics and depressive mood among older adults: an inte-
grative review. Int Psychogeriatr 24(8):1207–1225. https ://doi.
org/10.1017/S1041 61021 10028 94
 18. Forsman AK, Nyqvist F, Schierenbeck I, Gustafson Y, Wahlbeck 
K (2012) Structural and cognitive social capital and depression 
among older adults in two Nordic regions. Aging Ment Health 
16(6):771–779. https ://doi.org/10.1080/13607 863.2012.66778 4
 19. Kubzansky LD, Subramanian SV, Kawachi I, Fay ME, Soobader 
MJ, Berkman LF (2005) Neighborhood contextual influences on 
depressive symptoms in the elderly. Am J Epidemiol 162(3):253–
260. https ://doi.org/10.1093/aje/kwi18 5
 20. Berg J (2016) Mobility changes during the first years of retire-
ment. Qual Ageing Older Adults 17(2):131–140. https ://doi.
org/10.1108/QAOA-11-2015-0052
 21. Choi NG, DiNitto DM (2016) Depressive symptoms among older 
adults who do not drive: association with mobility resources and 
perceived transportation barriers. Gerontologist 56(3):432–443. 
https ://doi.org/10.1093/geron t/gnu11 6
 22. Steptoe A, Breeze E, Banks J, Nazroo J (2013) Cohort profile: the 
English longitudinal study of ageing. Int J Epidemiol 42(6):1640–
1648. https ://doi.org/10.1093/ije/dys16 8
 23. Banks J, Batty GD, Begum N, Demakakos P, De Oliveira C, Head 
J, Lassale C, Littleford C, Matthews K, Nazroo J, Oldfield Z, 
Oskala A, Steptoe A, Zaninotto P (2016) The dynamics of ageing: 
evidence from the english longitudinal study of ageing (2002-15) 
(Wave 7). London
 24. Sawyer Radloff L, Teri L (1986) Use of the center for epidemio-
logical studies-depression scale with older adults. Clin Gerontol 
5(1–2):119–136. https ://doi.org/10.1300/J018v 05n01 _06
 25. Hertzog C, Van Alstine J, Usala P, Hultsch D, Dixon R (1990) 
Measurement properties of the center for epidemiological studies 
1090 Social Psychiatry and Psychiatric Epidemiology (2018) 53:1081–1090
1 3
depression scale (CES-D) in older populations. Psychol Assess 
2(1):64–72
 26. Turvey CL, Wallace RB, Herzog R (1999) A revised CES-D meas-
ure of depressive symptoms and a DSM-based measure of major 
depressive episodes in the elderly. International psychogeriatrics 
11(2):139–148
 27. Radloff LS (1977) The Center for Epidemiologic Studies Depres-
sion Scale: a self-report depression scale for research in the gen-
eral population. Appl Psychol Meas 1(3):385–401. https ://doi.
org/10.1177/01466 21677 00100 306
 28. Steffick D (2000) Documentations of affective functioning meas-
ures in the Health and Retirement Study. HRS/AHEAD Documen-
tation Report DR-005. Ann Arbor
 29. UK Data Service English Longitudinal Study of Ageing: Waves 
0–7, 1998–2015—study documentation. https ://disco ver.ukdat 
aserv ice.ac.uk/catal ogue/?sn=5050#docum entat ion. Accessed 
25 Aug 2017
 30. Kline RB (2016) Mean structures and latent growth models. In: 
Principles and practice of structural equation modeling, 4th edn. 
The Guildford Press, New York, pp 369–393
 31. Curran PJ, Obeidat K, Losardo D (2010) Twelve frequently asked 
questions about growth curve modeling. J Cogn Dev 11(2):121–
136. https ://doi.org/10.1080/15248 37100 36999 69
 32. Enders CK, Bandalos DL (2001) The relative performance of full 
information maximum likelihood estimation for missing data in 
structural equation models. Struct Equ Model 8(3):430–457. https 
://doi.org/10.1207/S1532 8007S EM080 3_5
 33. Musliner KL, Munk-Olsen T, Eaton WW, Zandi PP (2016) Het-
erogeneity in long-term trajectories of depressive symptoms: 
patterns, predictors and outcomes. J Affect Disord 192:199–211. 
https ://doi.org/10.1016/j.jad.2015.12.030
 34. Rudenstine S (2014) Applying a life course perspective to depres-
sion. In: Koenen K, Rudenstine S, Susser E, Galea S (eds) A 
life course approach to mental disorders. A life course approach 
to adult health series, 1st edn. Oxford University Press, Oxford, 
pp 88–96
